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(54) Method of manufacturing modified polytetraf luoroethyiene fine powder 

(57) Polymerization of tetrafluoroethylene Is carried 
out in an aqueous medium to manufacture a type of 
modified polytetrafluoroethytene fine powder, containing 
perfluorobutyl ethylene and hexafluoropropylene, with 
excellent extrusion property under a high reduction 
ration and with high thermal stability. 
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Description 
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extrusion pressure in 
and has excellent thermal stability. 
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RAflKGRQUNn r>F THF INVENTION 

Bv adding a small amount of comonomer into PTFE homopolymer. it is possible to modify the PTFE polj^er. which 

SriSe"er«a«on taKes place i 
^ ,:te%^':J^Sr^"S5" ^^^^^^ KOKO.U Patent No. Sho 37119621-4^. beforejoo. 

the extrusion pressure^and '° ^^^^'^ '^^Pj^^JT %^ 594 identical to that in the aforementioned 

The purpose of the -r^ethod proposal -n Ua ^t^^To^S^l modHler used in this method is pe-fluor- 
approach disclosed in Japanese Kokoku Patent No. Sho 3711962] 46«. The nwmeru^^ 

taS«r m. lin"B»^«pr«»rMinm«r.*odh«.hii|hlh«r«lde!ir«J«»oni"»c n™k»« 
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< ;tlMMARY OF THg INVENTION 

This invention provides a method of maniifacturing modified polytetrafluoroethylene powder by a P^y^^'j^"^^^^ 

S^:S, reLon. ZuLng the resultant prirnary grains o. J-fl'tK^STsSSt^SfS 
^ the resultant coagulum to obtain said modified polytetrafluoroethylene poster. ^ 
eXene^r^laa hexaf luoropropylene being carried out so that said polytetrafluoroethylene powder 
S saTpSui^utyl ethS a-xi 0.01 -0.05 w,% of s^d hexafluoropropylene. the toW am-x-m <J sad perf.«^- 
^^JLTemvlene and said hexafluoropropylene present in said polytetrafluoroethylene powder being 0.03-0.08 w«. 
^ ^ fhe we^St oHefrXoroe«;ylene in said powder, the average grain size of said primary gra-ns berng .n the 
«.Sof 0 1 0 5 S! 1 sphe;odidty'of sa« primary grains being 1.5 or lower, and the thermal degradaton index of 
said powder being 20 or lower. 
DETAILED DgSCRiPTION Q PTHE INVENTION 

Accordina to this invention it is possible to manufacture a type of fine powder with improved paste extrusion profh 
RR vEe tt^Ttt^ermal sU^ility of PTFE can be maintained. Consequently by using the fine powder of this 

, eTeTs c^i«d out ^n aqueous medium in the presence of a fluorine-containing dispersing agent at a temperature in 

^s possible to manufacture modrtied PTFE fine powder with the following featur^ Wrth ^^pect to the rearted TFE. 

0 grains of the modified PTFE obtained using method of this invention are made of a core of PFBE-modrtied PTFE and 

''^rm'^h'oS maL'^Ling th,s invention is basically the method dfedc^ed U^S. ^a^erj^ MoSSLTft 
exceot for the comonomer feeds to the polymerization and for other aspects described hereinafter. More^«:ihcalli^ it 
rS^ci of^ymerizing TFE and a modifier in an aqueous medium made of water, a "-f 
,5 ^^^Sr? ^aSes o?the reaction initiators that can be used include succinoyi peroxKfe (DSP) ««1 o«\«^'^ter^ 

tt^erther hand when the pressure is too high, the reaction rate becomes too fast, and it becomes drfficult to cortrol he 
tSSLTe T^TSymerization tempera^ire is in the range of 10-90X. If the '^"^^^^^^^^ ^ae^^ 
£^ nTprogress^n the other hand, if the tenperature is too high, the primary gram size becomes too large. This is 

ss unde««b.- ^^.^.^^ ^.^ ^ ^ ^ a™ 

addedintermittently. or added continuously in theformation Of the core of the« 
it is importanttoload it at the initial stage ofthe reaction P^;*"''^'- ""f 

round before the start of the reaction is preferred, as this method can simplify the operation. As PFBE affects the 
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.on rate, the p^in^ry grain s-.ze,and the reac^HyoJHF^^^^^^ 

that should take part in the reaction shoukJ be .n the range ^ 0^ ° ' ^aLly in the range of 0.02-0 07 wt%. if the 
respect to the weight of TFE shoukl be in the progressing in some 

amount of PFBE added is too iJ^.fTn So" irp<^ym rrz:^io^oTthe she,,'^ t^e resK.ua, PFBE 

cases. Also, the primary grain size becomes too small, in »aii^n. in p y ^. |^ ^ polymerization 

not consumed in the ^^-^^-^^^ f ^Z'^Tp Sus ^Te PF^E consumed or not present 
of the Shell containing an appr^iatea^urt^^^^^^ 

when the copolymenzation of TFE with HFP is '>«"0 !!°^^- "L . .r^odMOed at the time point when at least 75% 
whenthe TFE needed forformingtheccxeisc»nsum«^^ 

, of TFE that should take part in the reaction is '^'^'^^^.^^ of the core is ended, the 
approach, the feeding of TFE and stirnng are ceased at tt^e ^-^^ P""* ^^^^ ^^^^ decreased to below the vapor 
rSdual nx>nomer in the system is released (removed . '^^^^Ll^^^^^^^^^^ ,he copolymerization of 

'^°L modeled PTFE tine powder prepared using ^1;^^"^^^^^°^, tTn:St a^H^eS: 
excellent extrusion property at high BR arjd high better than that of the pure 

high mechanical strength characteristic the pure '^^^^^ extrusion property at high 

30 PTFE. and the shrinking rate is smaller. Consequemiy, the drnen«'°7' bf-^aintained. « the content of HFP 

RR is excellent, and the high thermal stabHrty f ►^^^f^f/^^^^P'^'"^^^^^^^ is too small, the forma- 

is too small, the transparency and dimensional «*«bil.Jr^e AJ^^^e^^^^^^^^^^ ,he content 

tion of fibrils takes place excessively, and extrusion aV^^'a^.^^^^^^^^;'" cannot be formed. Conse- 

of HFP is too large, the -or-^on o. fibrils b^m«^^^ ^ ^ o.Ol- 

quently, with respect to the weight f'^:^^JI^-*^^^°^ ^ HFP contained should be in the range of 0.01 - 
0.07 wt%, or preferably in the range of 0.02-0.07 wt%. and the "T^um oi nrr 

0.05 wfifc. The total amount of PFBE and H'^^^™"'''"^.*™^" "l^^^^^^ the paste extru- 

weight of the core to the shell is <»"^"^.- « hand', when'the propor- 

sion pressure becomes higher, and extrus«n at high ■"^P'^i^^^g^mes less significant, and the paste 

tion Of the Shell is too small, the effect ,n ^PP^^'"^ core shoukl be in the range of 

7?.?rs^r>^^rrrd:^r^^^^^^ 

« surfaceamonggrainsgeneratedbyorientatonofthepr^anrg^^nsj^^^^ 

ies as a function of the primary grain size. That is. as ^fZ ^J^l^^^^^^p^^ arise when the grains 

;:rr^r;srr:prr?s:r„CL?s°«sr 0, ^^^^^ 
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EXAMPLES 

The ana^sls methods and test n^thod lor the dispersion PTT^E fine po^^ier ^ 
Pnl ymer con^^^ntration of f^? riisoersion: 

S = 177.421 - 177.083/D 



where 
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S: polymer concentration of the dispersion; 
D: specific gravity of the dispersion at 25°C. 

Avi »raae arai" "f *he primary grains: 

Thedian^ero,thegrainsinthedfeperslonisdeter.lned.ornt2 
of 546 nm that can pass through thesarnf^ebyu^^^^^^^^^ 

sion is filtered tv a piece of gauze and 5 mL filtrate ^^^"^'''^^^^^^^ ^ at»on»nce of light with a 
solution is used to fill a silica cell w.th a P^'^'*"?*' 17^.26 ^m. the average grain size can be 
wavelength of 546 nm. For the dispersion having grain size in the range 
derived using the following formula: 

Average grain size (j.m) = 0.272A/(SG x S/100) + 0.065 

A: absorbance of the sample compared wfth water, 
SG: specific gravity of the sanple; 
S % solid content of the sample. 

by 20.000X with an electron microscope. 

■Q pheroidicit Y ^ primary grains: 

The dispe^ion is dliued to about 500 tln^s ^th pu. ^^^^^^ 
aluminum foiUdlowed by drying at about 1W»C. The su^ce rt^^ 

, electron microscope, withthemiaographtaken^nth am^^ 

randomly from the micrograph. For each gram, the major diameter a anomino 

and the spheroidicity is calculated using the following formula: 

Spheroidicity = l/n x i:(a ,) 0 = 1 .2.3-") 

5 

ntnnrlnrf) ripmrffm grB"'V (ssgv 

ia.O g Of dried resin powder are loaded into a -^^-^-^ tle^SJ^^^^^ 
increased until the final pressure --^^f^^SO kg/cm^ a^^^^^^^^ ^ 3 rate of 

,0 The premolding prepared in this way « Jhe" bak^ at 3^ C to 3° mjn «i a^ oven and is cooled to room tem- 

1oC/min to 294«C. After being held at 294»C for 1 1' s^le in air at 2^-0 to the weight of the 

peratureto form the standard sample. The mto of the^^^^^ 

^'-rr'^eTS^re-^^^^^^^^ 

55 with a larger nnolecular weight 

Thftrrr?' Hagra^ation index (TDll: 

Apremoldingispreparedusingthesamemethodasthatforthe standard sampleforSS3measurement.Then, the 



5 



20 



EP 0 764 668 A1 

TDI = (MSG -SSG)x 1,000 

MFP content: 

HFP content (wt%) = (A1/A2) x (AS2/AS1) x 0.126 

A1 : absorbance of the sample at a wavelength of 10.1 8 tim. 

A2: absorbance of the sanple at a wavelength of 10.7 ^irn, 

AS1 ■ absorbance of the standard sample at a wavelength of 0.18 ^m, 

AS2: tl^rbance of the standa«l sample at a wavelength of 10.7 ^m. 

PFRF Rontent: 

and the following formula is used to derive the PFBE content. 

PFBE content (wt%) = (Sa/Aa) x (As«s) x 0.03 
Sa area of absorbance peak of the sample near a wavelength of 1 1 .36 ^m; 

sr:L^:>^n:e"pSc.^^^^^^^^ ^ -^"^'^ ^"^^ 

absort^ance of the standard sample at a wavelength of 10.7 ^m. 



30 As 
Ss 



As 

Pa^ tft extr^ t^ir?^ pressure 
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50 



100 g of the polymer powder and 30.8 g ^^f^^J^^^ SVeSlT^h at'thi 

said hydr^rbon lubricant (at RR = 2500) ^l^^l^^^^^S^^^l. and a load of 55 kg is applied 
room temperature (23 ± 2«C). The m.xture th«i f^ed .n ^7^J«';:^* ,ue aforementioned mixture 

by a piston for 1 min. The aforementioned mixture .s then ^^ ^ ^am speed of 18 mm/mln. so 

's jessed in a cylinder (inner diameter of 31 .7 mm) «,^pped^^^^^^ 

Bead No.: 
ken" 

Appearancft the extruded samplei 
represents the best, and X represents the worst. 
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*gff"<r?^""g»aim)le1 
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itii i<»i(s\ eauiDoed with a stirrer and a jacket for tennperature adjust- 
In a 4-L autoclave made of stainless steel (SU^6) equip^m a s ^^^^ ^^^^^ 
ment. 60 g paraffin wax. 1690 mL ^eionlz^w^ter^ g 
heating to 80X.wt.ilenitrogen gas wasused to replacett^e^^^^^^ 

clave was evacuated, followed by '»^«^^*^'°" J"^^^^^ Then. 10 mLof 

26 kg/cm^G. and the contents were strred at 1 10 rpm 'XT,!^ in 300 mL water, and 100 mL of an aque- 

aqulus soluticMi prepared by dissolving 750 mg --^l— ^^^g^Jf ^/^^i^C S Jwere in ected by a pump. 5 min 
COS solution prepared by dissolving 2.5 g succnoyi ^'°*J^l^'^^ I"^^ perf luorooctanoate in 400 mL 
after the start Of the reac^on. 150 mLofasolLrtionp^^^^^^^ 

water were injected at a rate of 3 mlTmm. The r^rt^n P^^'^/^„^ ^^tant at 80°C. and the stirring rate 
continued at an accelerated rate Howler. »«^^^^ pressurewas maintained constant at 

was maintained constant at 1 10 rpm. TFE '^«V«i^°'*""°^f^^^ reaction became 1060 g. the feed- 

26 kg/cm^G. After addition of an initiator, when the amount of ^nsurnw jhen the gas in the autoclave 

fi <?TFE and stirring were stored. Up to this ^'^^'^^'I^^'^'^^Tp Z.^^ ™se the interr«l 

w^s released until the internal pressure became 1J kg/cm G. Then. HFP ^s add ^ j^^.^ ^ .^^^^ 
pressure by 0.3 kg/cm^G. Then, stimng was st«^^ a^'" (110 rpm). and ^^^^^ 
to 1 6 kg/cm^Q. The temperature was n^-ntained at ^J'J '^^^^^ injected, and the reaction was contin- 
mentioned APS aqueous solut«n and 50 r^Ld ttie^ 

ued. When 80 g TFE were consumed, the feed ng °* ^FE was stoppea. a ^g^ieved. Calculation 

pressure became 10 kg/cm^G. Stirring was s^l<wed. Up o this pc^^^^^^^^^ ^^^^ ^ 

indicated that me amount of T'-l^;!"";^ '^^^^^^^ ^acuated. By using nitrogen gas, 

released until the pressure reached ambient P^^";*/. ^"^j^^^^^ removed. The obtained dispersion had a solds 
thepressure was restored to ambiem pressure _TT^enjhe^^^^^^ ^^^^ injection of HFP was 

content of 36.8%. and the average gram size of the ^""^1^^'^'^^^ consumed. The obtained dispersion was 
carried out when 90% of the TFE that shouW ^^e part in the ^a^on was co ^^^^iner for coag- 

diluted with water to a polymer concentration o^^a^^^^^^^ 

Sr^rriTn^pis^^^^^^ 

0 019 wt% respectively. Also. SSG of the polymer was found to be 2.175. 
Ap pllcaHiOT F«amoles 2-5 

APS the reaction temperature, the amount of PFBE. tne " 

sure were changed. These reaction «;2f'*°"^^^^^ "LllS^^^ S^C and the amount of the reaction initiator was 
in Application Example 2. the '«'"'f^"'^^^\'^S^7g ^E were consumed, that is. when 80% of the 

changed a little. The HFP addition time ^"l^'^^^^^J^^^or.. when the amount of TFE that should 
TFE that should take part in the reaction was °°"8um«d_ In the ^^^^^^ . otherwise, the condrtions were 

take part in the reaction was consumed, the '"^ !^;;!,^'^trt"^^^^^^ initiator added was reduced to 

identical to those in Application Example 1 . I"^'*^"" when 90% of the TFE that should take 

30% of that added in Applica^on Example 1 The P"'^^°!"^ Z reaction was consumed, the 

part in the reaction was consumed. When "'^jfe^^ olse in Application Exanple 2. 

deeding of TFE and stirring were -^°PP^ O^^-XT^tSS^r^^ in Application Example 1, and the 
In Application Example 4, the amount of PFBE added othemvise, the conditions were identical to 

amTnt of the initiator added was identical to that in Ap^^^^^^^ 

those in Application Example 3. In Appl"^*""^^^^^^^ 'a wXrC^to thatTTApplication Example 1 . Tables III 
and the amount of the core polymenzation ^fjL^'^^^^ samples obtained in these application exam- 

and IV list the properties and extrusion property of the PTFE fine powder samples o 
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Table I 



Core Polvmerization for Application Examples 




Appl. Ex. 


DSP (ppm) 


APS (ppm) 


Reaction T (*»C) 


Pressure (kg/cm^G) 
















(mL) 


(wt%) 


1 


250 


12.5 


80 


26 


0.4 


0.05 


2 


255 


13 


85 


26 


0.4 


0.05 


3 


75 


4 


85 


26 


0.4 


0.05 


4 


250 


12.5 


85 


26 


0.8 


0.1 


5 


112 


5.6 


80 


80 


0.4 


0.05 



30 



Appl. Ex. I DSP (ppm) 



125 



Table II 



Shell Polymerization for Application Examples 



APS (ppm) 



128 



37 



125 



112 



6.2 



6.4 



1.9 



6.2 



5.6 



T(«C) 



80 



85 



85 



85 



80 



Reaction 
pressure 
(kg/cm^G) 



16-10 



16 



16 



16 



16-10 



HFP 



Amount Acided 



(g) 



2.7 



2.7 



2.7 



2.7 



2.7 



(wt%) 



0.23 



0.29 



0.23 



0.23 



0.23 



Add'n point* 
(wt%) 



Disp. cone. 
(wt%) 



90 



80 



90 
~90~ 



90 



* The proportion of TFE consumed at the 



addition point of HFP wHh respect to the prescribed amount of TFE. 



36.8 



35.9 



36.6 
36.8 



36.8 



55 



Appl. Ex. 



Ave. grain size 
(tim) 



0.215 



0.200 



Table I 



PTFE Resin Properties for Application Examples 



0.202 



0.189 

0.252 



Polymer 
PFBE content 
(wt%) 

0.030 



0.028 



0.028 



0.051 
0.034 



Polymer HFP 
content (wt%) 



0.019 



0.032 



Total PFBE + 
HFP (wt%) 



SSG 



0.049 



0.060 



0.018 
0.017 



0.020 



0.046 



0.068 
0.054 



2.175 



2.190 



2.155 



TDI 



Spheroidicity 



2.166 
2.163 



1.27 



1.35 



1.16 



1.32 
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Table IV 



Appl. Ex. 



RR: 1600 



Paste Extrusion Pr operty tor Application Examples 

RR: 2500 



Extrusion pres- 
sure (kg/cm^) 



582 



570 



570 



646 



605 



Bead No. 



10 



10 



10 



10 



10 



Extrusion pres- 
sure (kg/cm^) 



632 



590 



Bead No. 



611 



681 



668 



10 



10 



10 



10 



10 



Appearance 



Transparency 



Surface smooth- 
ness 



Paste Extri jiginri Example 

kg/cm2 at 3700c. The measurement methods are as follows. 
Electrical r ^^^ noatina test: 

bottle, followed by curing for 8 hat room tenperaUire (23 ± ^ ^e^atoreme t ^^^^^.^^^ed premoWino 

der and was pressed under a Jlsion molder?product of Jennings Co.), followed 

was used to coat a 1 .02-mm o.d. core (AWG-20/19) f ^^^^ „ „ ^„ j^,^ coated electrical cable was cut to 
by baking, forming an electrical by 10 mm to expose the core. 

120.mm-long pieces. For each P^^^^- J^*;'"!^!;*""^^^^ accurately The pieces 

For the 5 pieces prepared abo.e, the length of «^«;«"^*""^ ^"^^^^^ ^er cooling, the length of the coated por- 
were then heated at 340«C for 2 h, followed^ '^'"^J^J^weTeT^^ 18 h followed by cooling 

tlon (L,) was measured accurately «9^'"^Then p^^s wer^^^^^ ^ ^^^^^ 

I value was calculated. 



Heating shrinkage rate (340'>C. 2 hr) = (L ^ - L 2)/L , x 1 00 
Heating shrinking rate (340«C. 20 hr) = (L^ - L^)/\-^ x 100 



TftnRile stre ngth tube: 

Thepremo^ing prepared in the same way as thatforthe^icalc^ec^^ 
an outer diameter of about 2.2 mm and an inner d,ameter of 

tube. TTie aforementioned tube was cut to peces '^"^ths of abou^ 00 m^^^ ^ P ^ ^ ^^^^^.^ 
value was calculated. Also, the measurements were made at 23^C. 



nom paratlw ft Examples 1-4 

The polymerization operations were carried out in 



the same way and under the same reaction conditions as in 
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tent of HFP is large, and the extrusion P^^^u'e beco^ ^00^* vrE«nJle 2. as no HFP is added, excessive 
quality extrusion molding cannot be formed at RR = 2500. arx) extrusion cannot be car- 

formation of fibrils takes place, the extrusion ^^t^^'^S^X'^^SZ.uX. the proportion of shell 
ri«l out. in Conparative Example 3, '^^^^ P^l^l^^^f^l^^^J/rn^eS and high<,uality extru- 

rSg'ZotreSXSa^^^^^^^^ 

l^Zte i Co^equentiy. the content of HFP decreases, and the extrus.on pressure nses. 



Table V 



Core Polymerization for Comparative Examples 




Comp. Ex. 


DSP (ppm) 


APS (ppm) 


Reaction T (*»C) 


Pressure (kg/cm^G) 


Pl-Bt 


^aaea 












(mL) 


(wt%) 


1 


255 


13 


85 


26 


0.4 


0.05 


2 


219 


10.9 


80 


26 


0.4 


0.05 


3 


75 


4 


85 


26 


0.4 


0.05 


4 


224 


11.2 


80 


26 


4.0 


0.5 



Table VI 



Shell Polymerization for Comparative Examples 



Comp. Ex. 



DSP (ppm) 



APS (ppm) 



128 



438 



37 



112 



6.4 



21.9 



1.9 



T(°C) 



5.6 



85 



80 



85 



Reaction 
pressure 
(kg/cm^G) 



16 



16-10 



80 



16 



16-10 



HFP 



Amount Added 



(g) 



10.4 



2.7 



2.7 



(wt%) 



0.88 



0 
0.23 



0.28 



Add'n point* 
(wt%) 



80 



90 



Disp. cone. 
(wt%) 



365 



70 



90 



362 



36.0 



36.7 



* The proportion of TFE consumed at the 



addition point of HFP with respect to the prescribed amount of TFE. 



50 
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Table Vli 



PTFE Resin Properties for Comparative Examples 



Comp. Ex. 



15 



Ave. grain size 
(urn) 



0.182 



0.219 



0.212 



0.202 



Polymer T Polymer HFP 
PFBE content | content (wt%) 
(wt%) 



0.028 



0.040 



0.048 



0.239 



0.099 



0.041 



0.004 



Total PFBE + 
HFP (wt%) 



0.127 



0.040 



0.089 
0.243 



SSG 



2.193 



2.167 



TDI 



2.162 
2.152 



14 



Spheroidicity 



1.26 



19 



1.26 



1.15 



25 



Comp. Ex. 



Table VIII 



Paste Extrusion Property for Comparative Examples 



RR: 1600 



RR: 2500 



Extrusion pres- 
sure (kg/cm^) 



467 



NE 



848 



Bead No. | Extrusion pres- 
sure (kg/cm^) 



10 



10 



295 
NE 



Bead No. 



NE 



NE 



3 

NA 



Appearance 



Transparency 



NA 



NA 



NA 



NA 



NA 



NE: Not extrudable. measurement value Is given. 
NA: As extrusion cannot be earned out at RR = 2500. no measure 



Surface smooth- 
ness 



NA 



NA 



NA 



40 Claims 
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lymerizing tetrafluorethylene ^f^^l!^^^ of 10-90»C and under an average 

presence of a fluorine-containing dX'^'T^^ivmSK arried oJt by feeding said tetrafluoroethylene 
Usure in the range of 6-30 kg/cm=G, sad ^^^P^l^y^^^^^f.^^^' ^^^^ in the early stage of the 

to said aqueous m«iium, feeding ^^^^'T'^'^^ medium after at least 75% of said 

polymerization reaction, feeding sari 

Lrafluoroethyfene to be -°^y"^-'^f^^'^Z^^"^^ polytetraf iuoroethylene and 

said polymerization reaction. <=f 9"'^*"! '^"^^^^^^^^ powder, said feeding of sari pert luor- 

drying the resultant coagulum to obtain m^'^'^ c^Sou^so that said polytetrafluoroelhylene powder con- 
obutyl ethylene and said ^^^^^'^'^^^'"'^^ ^^.^'^Jf^ of saS hexafluorcpropylene. the total 

tains 0.01-0.07 wt% of sari perfluorobutyl ethylene and 0.01 = . y ^tetrafluoroethylene pow- 

Slnt Of sari perfluorobutyl ethylene and -id h«^^^^^^ L of sari 

thermal degradation index of sari powder being 20 or lower. 
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4. 



SlTot^macontinuous smooth beting which is free o. surface waviness. 
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